
!

!

Is current modelling practice fit-for-purpose for 
daylight evaluation using CBDM metrics?

Eleonora Brembilla 
——————————————————— 

John Mardaljevic 
Francesco Anselmo

13th Radiance Workshop 
Arup London Office 

1-3 September 2014



2

Find which 
questions 
CBDM is 
trying to 

solve

Define 
which are 

the 
common 
‘quality 

assured’ 
workflows 

used by 
experts

Understand 
how the 
outputs 

work better: 
as tools or 
as targets?

Encourage 
any 

improvement 
in current 
standards, 
guidelines 
and rating 
systems 



3

RATIONALE

Why CBDM?
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RATIONALE

Why CBDM?

• Predicts absolute values of luminous quantities, 
e.g. illuminance, luminance, etc. 

• Uses realistic sky and sun conditions. 

• Founded on standardised climate files. 

• Allows ‘holistic’ evaluation of daylighting 
combined with solar shading.



5

RATIONALE

Projects where CBDM 
has been used:

• Art Students League (New York) daylight injury study. 
• Hermitage Museum (St. Petersburg) daylighting design 

and long-term exposure of art works. 
• New York Times HQ Buildings evaluation and calibration 

of active daylighting systems. 
• Performance of Serraglaze light redirecting material. 
• Multi-climate evaluations for VELUX. 
• Daylighting performance of school buildings. 
• Prediction of ‘circadian potential’ and non-visual effects.
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WORKFLOWS

Why here at the Radiance 
Workshop?
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which includes a short description of their capabilities,
weaknesses and strengths. Some of these tools are
dedicated to lighting, while others integrate it within
whole-building calculations. The list is not exhaustive
but gives an overview of the variety available. A brief
overview of current models in the context of usage in
zero-energy building design, usage and limitations is
provided by Guglielmetti et al. (2010).

This review will refer to current models mentioned
in English-language literature only. This section in
particular will be dedicated to models used primarily
for lighting simulation in building science. It also does
not pretend to be an exhaustive list of every model or
their features. Whole-building simulation tools will be
discussed in its respective section.

From the online list presented by USDOE, the
most influential model among the lighting simulation
research and computer graphics communities con-
tinues to be Radiance (Ward 1994, LBL 2010a). As a
measure of its influence in the literature, conference
proceedings by Ward (1994) have been cited 529 times
according to Google Scholar. The book by Ward and
Shakespeare (1998) has recorded 294 citations in the
Scopus database. Radiance was among the first to
generate calculation results for a fixed viewpoint, using
as input data three-dimensional geometrical descrip-
tion of a scene and physical properties of its materials.
It has also advanced some of the current calculation
techniques available in most lighting simulation
models (Ward et al. 1988)

Compared to similar software packages, Radiance
has many ‘‘non-attractive’’ characteristics. For exam-
ple, it lacks a user interface of its own and needs
considerable expertise to manipulate its variables.
Nevertheless, it continues to be favoured by the
lighting research community (Reinhart and Fitz
2006). This can be partly explained by features such
as: it is intended for building research (instead of
imaging only), is flexible to solve a great majority of
natural and electric lighting simulation problems,
is freely available and is distributed under an open-
source agreement (LBL 2010a). The open source
nature allows contributions from researchers

themselves and model continuity (Ward 2002). It is
also one of the few models validated extensively
(e.g. Grynberg 1989, Mardaljevic 1995, 2001, 2004,
Reinhart and Herkel 2000, Ng 2001, Reinhart and
Walkenhorst 2001, Reinhart and Andersen 2006).
It has presented consistent results in terms of accuracy
within acceptable limits, according to test situation.
Radiance has been incorporated as a limited lighting
simulation engine within other tools, such as
ADELINE (FIBP 2002, unsupported), Desktop Ra-
diance (LBL 2000, unsupported), Rayfront (Mischler
2003, unsupported), Daysim (NRC 2009) and Radian-
ceIES (IESVE 2010). However, the use of programs
known as virtual machines and in software program-
ming as ‘‘porting’’, create self-contained and system-
independent operating environments. They behave like
an operating system within another operating system.
This type of software allows programs written in one
platform to be used in a different one. It has allowed
users to run Radiance within its native UNIX
environment with comparable results.

Apart from the continuity presented by Radiance,
many tools emerged – and fell in disuse – during these
past 20 years. Some others remained in test stages.
Among the chief products in use today, commercial
software such as AGi32 (Lighting Analysts, Inc 2010)
is mentioned. Distributed mostly in North America, it
can perform electric lighting and daylight performance
analysis (Reinhart et al. 2006). For this purpose, it uses
photometric data files and has many standard CIE
sky models. Direct calculations are mainly used for
lighting fixtures. Radiosity calculations are used for
complex or daylit scenes. Limited ray tracing analysis
is used for daylight and small surfaces. The user can
decide to use backward or forward ray tracing at the
same time. Ray tracing is chiefly used in this model to
generate renderings.

Similar in scope to the previous program is
DIALux (DIAL GmbH 2010). It is widely used for
calculation of indoor and outdoor electric lighting
systems. It follows different national standard lighting
calculations and can import directly photometric
databases from manufacturers. There are some

Figure 1. Schematic principles of three commonly used lighting simulation algorithms: (a) ray tracing, (b) radiosity and (c)
photon map.
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WORKFLOWS
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WORKFLOWS
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Inter-model comparison
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OUTPUTS

Benchmark
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OUTPUTS
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OUTPUTS

UDI fell-short 
< 100 lux

UDI exceeded 
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OUTPUTS

UDI fell-short 
< 100 lux

UDI exceeded 
> 3,000 lux

UDI supplementary 
100 - 300 lux

UDI autonomous 
300 - 3,000 luxMaximise UDI-a

Minimise UDI-x
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OUTPUTS

> 60%
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OUTPUTS

Sabre Trust Kindergarten / Arup - Ghana 2012
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OUTPUTS

Sabre Trust Kindergarten / Arup - Ghana 2012
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GUIDELINES
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GUIDELINES

Climate-based daylight metrics 
(UDI) in the Priority Schools 
Building Programme (2013)
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Wish-list
• Quality assured inputs 

• Accurate definition of the metrics 

• Supported CBDM software - multiple vendors 

• Design intent versus operational performance 

• Affordable, ‘smart’ illuminance sensors 

• Data on daylight recorded by BEMS 

• Daylight in residential dwellings
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